Tide-dominated or influenced coastal marine deposits form some of the most complicated and largest hydrocarbon fields in the world (Wood, 2004 and references cited therein). Good outcrop analogs can provide significant insight to geologists for recognizing tidal influence in core and interpreting petrophysical log data thus reducing uncertainty and risk when developing depositional models and planning for field development.
Despite the observation that 8 of the 12 largest deltas in the modern world are either tide-dominated or strongly tidally influenced (Middleton, 1991) , many geologists fail to recognize tidal influence in the rock record, perhaps, in part, because of the influence of pre-existing paradigms.
While good ancient analogs of tide-dominated deltas exist (see summary table in Feldman, et al., 2014) , many of these studies inferred tidal influence from the intercalation of sandstone and mudstone, an abundance of fluidized mud deposits, a dominance of structures formed from currents and the shoreline perpendicular orientation of elongate sandstone bodies. As noted by Feldman and others (2014) , few studies have identified sedimentary structures in the delta front and prodelta settings that can be directly related to semimonthly tidal cycle deposition. This may reflect background interference from storms or variable fluvial discharge that disrupted tidal deposition and thus obscures evidence of fortnightly or longer tidal signals or it may reflect an absence of knowledge of what to look for when identifying such cycles.
The Pride Shale outcrops illustrated in these stops exhibit some of the most direct evidence of tidal influence within a deltaic succession found anywhere in the literature. They reflect the pervasive influence of tides found throughout the Upper Mississippian and Lower Pennsylvanian deposits in the Appalachian Basin and other basins in the southern and central U.S.A. As such, these outcrops offer geologists an opportunity for viewing excellent exposures of prodelta through delta plain facies associated with tide-dominated deltas. What makes the Pride Shale outcrops stand out above other outcrops that preserve tide-dominated facies is that they provide unrivaled examples of deposits that reflect hierarchic tidal cycles that span the semidiurnal through the ~19 lunar nodal cycles. The Pride Shale represents the thickest and aerially most extensive tidal rhythmite succession identified in the geologic record and it preserves a continuous annual tidal rhythmite record of hundreds of years of accumulation in individual exposures. This will be particularly significant for those scientists interested in paleoastronomy.
GeneRAL ACCess AnD LoGIstICs
The field trip area is easily accessed through Charlotte airport, North Carolina that is served by both domestic and international flights. The driving distance from the Charlotte airport to Princeton, West Virginia is 175 miles (280 km) along Interstate 77N (I-77). All stops on this field trip are accessible using a 2-wheel drive, regular automobile.
A number of the stops are located along I-77 north of Princeton (see field guide below) and it is necessary to get permission to stop along the interstate. Contact: West Virginia Parkways, 201 Pikeview Drive, Beckley, WV 25801, Tel: (304) FAX: (304) 254-2914 and request that orange vests be left at the rest stop near the junction of Rt. 460 and I-77 for use on the field trip. Hard hats are also recommended for use on the field trip.
In the event of an accident, contact the West Virginia State Police by dialing 911. The closest hospital is in Princeton which is within 30 minutes of all stops.
IntRoDUCtIon
Tidal facies in both the modern and the geologic record are preserved either as cross-bed foreset bundles, products of down-current accretion, or as thinly laminated to thickly bedded, fine-grained sediments (tidal rhythmites), products of vertical accretion (e.g. Dalrymple et al., 1991; Williams, 1991; Tessier, 1993; Greb et al., 2011 , Kvale, 2012 . Both modes of preservation may display thick-thin pairs, reflecting diurnal inequality of tidal current velocities (e.g. de Boer et al. 1989) , and rhythmic thickening and thinning of laminae, reflecting fortnightly neap-spring-neap cyclicity (e.g. Visser, 1980; Kvale et al., 1999) . In addition, alternating thicker and thinner neap-spring-neap bundles are inferred to record perigean and apogean effects (e.g. Kvale et al., 1999; Greb et al., 2011) .
Holocene/Anthropocene tidal deposits are known from both open and embayed settings (see summary in Daidu, 2013), many associated with mud-dominated coastlines, tide dominated deltas, or drowned valleys (estuaries), such as the Bay of Fundy in Canada (Dalrymple et al., 1991) and MontSaint-Michel Bay in France (Tessier, 1993) as a result of amplification of the tides. Similarly, tidal facies preserving pervasive tidal signatures in the geologic record are developed and preserved in incised-paleo-valley fills (e.g. Dalrymple et al., 1992; Miller and Eriksson, 2000) . Incisedvalley fills most commonly developed during icehouse times in Earth history such as the late Paleozoic and Neogene. Less commonly, tidal rhythmites are developed in deltaic settings distal from shelf margins that are characterized by high sediment supply related to strong ebb-current retreat (e.g. Jaeger and Nittrouer, 1995; Zaitlin et al., 1995; Dalrymple et al., 2003; Chen et al., 2014) .
The Upper Mississippian Pride Shale in the Central Appalachians is fully exposed in two large road cuts along interstate highway I-81 and in a road cut west of I-81 in southern West Virginia (Fig. 1) . Upwards of 60 m thick, the Pride Shale is an upward-coarsening, prodeltaic deposit of predominantly dark grey mudstone with subordinate finegrained sandstone and siltstone. Lithologies are interlaminated at various scales ranging from sub-millimeter to meter. The Pride Shale locally contains major surfaces of discontinuity, lacks evidence of bioturbation and records a spectrum of tidal periodicities including semi-diurnal, fortnightly and multi-year, as well as annual climatic cycles (Miller and Eriksson, 1997) . It preserves a continuous annual record of hundreds of years of accumulation in individual exposures. The Pride Shale represents the thickest and aerially most extensive tidal rhythmite succession identified in the geologic record. Unique preservation of tidal and climatic signals in the Pride Shale permits reconstruction of a hierarchy of tidal periodicities and thereby absolute sedimentation rates based on high-resolution tidal chronometers. The thickness, organic content and proximity to gas-bearing sandstones highlight the utility (proven or conceptual) of the Pride Shale as a source bed, seal, or even a shale gas reservoir.
Outcrops described for this field trip span a complete lowstand-transgressive systems tract (Stops 1 and 2) and highstand systems tract (Stops 3, 4, 5 and 6) both within a single fourth-order (~400 kyr) sequence. Specifically, the field trip will examine: 1) incised valley deposits of the Princeton Formation consisting of basal fluvial deposits overlain by estuarine facies that include tidal rhythmites; 2) the transition from incised valley-fill to deltaic facies across a ravinement deposit that is capped by a condensed section at the base of the Pride Shale; 3) a spectrum of tidal and climatic periodicities spanning daily to the approximately 18.6 year nodal cycle preserved in tidal rhythmites of the Pride Shale; 4) discontinuities in the Pride Shale and evaluate their origin; 5) the vertical transition from the prodeltaic Pride Shale into distributary mouth bars and tidal sandridges(?) of the Glady Fork Sandstone; and 6) the abrupt and erosional contact between the Pride Shale and overlying distributary channel deposits of the Glady Fork Sandstone.
GeoLoGIC settInG
The Upper Mississippian Mauch Chunk Group outcrops in southern West Virginia and southwestern Virginia and includes the Pride Shale that extends into the subsurface over an area of 15,000 km 2 ( Fig. 1 ; England and Thomas, 1990) . The Mauch Chunk Group is underlain by carbonates of the Greenbrier Formation and overlain by the Lower Pennsylvanian coal-bearing Pocahontas and New River Formations (Fig. 2; England and Thomas, 1990) . The Chesterian-age Mauch Chunk Group thins westwards where it is truncated by the Mississippian-Pennsylvanian unconformity (Fig. 3) . Upper Mississippian strata in southern West Virginia consist primarily of fluvial channel and floodplain sandstones and mudstones that display extensive evidence for pedogenesis under monsoonal climatic conditions in the form of Vertisols (Miller and Eriksson, 2000) . The Pride Shale is a formally named member of the Bluestone Formation (Fig. 2) and consists predominantly of mudstone although the proportion of sandstone and siltstone increases upwards.
Based on a combination of outcrop and subsurface studies, the Mauch Chunk Group has been subdivided into two, third-order composite sequences of ca. 3 Myr duration that consist of fourth-order sequences of ca. 400 kyr duration (Miller and Eriksson, 2000) . One of the fourthorder sequences consists of the Princeton Formation, Pride Shale and overlying Glady Fork Sandstone (Miller and Eriksson, 2000; Fig. 4) . Incised-valley fill deposits of the Princeton Formation (Fig. 4) flooding surface. An incised-valley-fill model showing facies relationships within the Princeton Formation paleovalley in the eastern part of the study area is illustrated in Figure  5 . The Pride Shale and Glady Fork Sandstone define the highstand systems tract of the fourth-order sequence and are interpreted as the deposits of a prograding, tide-dominated delta (Figs. 4 and 6; Miller and Eriksson, 1997) . The paleogeography of the basin is relevant to the development of tidal rhythmites that predominate in the Pride Shale. Tidal rhythmites are present throughout the Mauch Chunk Group but are subordinate to terrestrial red beds in units other than the Pride Shale (Miller and Eriksson, 2000) . Sedimentation in the late Mississippian took place in a foreland basin to the west of the evolving Appalachian Orogenic Belt. The basin opened to the south but in the study area had the form of an embayment (Blakey, 2013) in which tides were amplified in response to the wide continental shelf and the shape of the basin.
MetHoDs
Photomosaics were prepared from three large road cuts north of Camp Creek, WV and from a road cut/borrow pit near Spanishburg, WV. These are the only large-scale exposures of the Pride Shale in the Appalachians. Photomosaics were annotated in the field to demarcate major stratigraphic surfaces and, at Camp Creek, outcrop-scale discontinuities. Thin sections were prepared from oriented samples collected at Spanishburg which, combined with laminae thickness measurements from oriented and polished slabs and outcrop measurements, were used to document cyclicity in the Pride Shale. Details on methods used to recognize hierarchical bundling patterns within the Pride Shale are described in Miller and Eriksson (1997) .
A total of 23 samples were collected for total organic carbon (TOC) determinations. An attempt was made to collect samples that were as fresh as possible through excavating weathered outcrops using a chisel and hammer. Three samples are from the basal Pride Shale and 10 pairs 
Increaseing Sand Content
Figure 6 Figure 6� Upward-coarsening and upward-thickening trend in the Pride Shale along I-77 at Camp Creek. Note the distinct corrugations on outcrop related to interbedded sandstone-rich and mudstone-rich facies. White scale is 1m long.
ResULts oF PHotoMosAIC MAPPInG
Photomosaics of the outcrops document the stratigraphic context of the Pride Shale as well as internal discontinuities. The on-ramp to I-77 North at Camp Creek exposes the contact between estuarine facies at the top of the Princeton Formation and the condensed section at the base of the Pride Shale (Fig. 7) . Carbonate concretions up to 0.5 m in diameter and a fossil detritus lag define the base of the Pride Shale which is capped by organic-rich black fissile shale a few meters thick. The large road cuts along I-77 north of the Camp Creek on-ramp expose the coarsening-upward transition from the Pride Shale into the overlying Glady Fork Sandstone as well as two surfaces of discontinuity that traverse the outcrops (Figs. 8, 9A ). Only a portion of the Pride Shale is exposed at Spanishburg (Fig. 9B) where neither the basal condensed section nor the overlying Glady Fork Sandstone is present. Samples for TOC analyses were collected at the same location as 11C on Figure 8 but over a thicker interval. The vertical black bar (annotated with an "X") in the middle right of the lower panel demarcates the location of the slab sample in the Larkins (2009) study.
of samples are from a ~1.1 m-thick continuous interval of alternating mudstone-rich and sandstone/siltstone-rich facies. The purpose of this part of the study was to document and explain differences in TOC between the two facies. All twenty-three samples were ground into a fine powder using a handheld dremel tool. Approximately 0.1 grams of powder was derived from each sample. Powders were then decarbonated by acidification with 2N hydrochloric acid for approximately 48 hours. The solutions were neutralized by repeated rinsing of the sample with 18.2 mΩ deionized water and siphoning out the supernatant after centrifugation. Upon neutralization, samples were dried in an oven for approximately 72 hours at 32°C. Samples were subsequently homogenized to a powder using an agate mortar and pestle, and then their masses were recorded. Total carbon concentrations were determined using an Isoprime 100 isotope ratio mass spectrometer. Percent total organic carbon (TOC) was calculated using percent carbon generated from Vario ISOTOPE Cube elemental analyzer software. Replicate analysis of standards indicated a precision of ± < 0.1‰. 
DePosItIonAL settInG, tIDAL PeRIoDICItIes AnD seDIMentAtIon RAtes

Description
In outcrop, the Pride Shale displays a distinctive corrugation pattern in which the thicknesses of the corrugations increase upwards related to an upward increase in proportion of sand (Fig. 6) . Bioturbation is noticeably sparse to absent in the Pride Shale.
The Pride Shale preserves a hierarchy of submillimeter to meter-scale cycles (Fig. 10; Miller and Eriksson, 1997) . The lowest level of the hierarchy consists of submillimeterthick (0.01 and 1 mm), normally graded, fine-grained sandstone and black mudstone or siltstone and black mudstone couplets; thick-thin pairs of laminae are preserved rarely (Fig. 11A) . Within both the coarse-and fine-grained components of the couplets, dark clotted textures are evident in thin section (Fig. 11A) . Up to 17 couplets are stacked into systematically upward-thickening and thinning millimeterto centimeter-scale cycles (Figs. 11B, 12A ). Locally, these cycles are alternately thicker and thinner. Up to 18 of these cycles are arranged in upward-thickening and thinning decimeter-scale cycles (Fig. 11B ) that are manifested as the corrugations in outcrop (Figs. 6 and 13). These cycles consist of interbedded, positive-weathering, more arenaceous facies and negative-weathering, more argillaceous facies (Fig.  11C) . Meter-scale cycles are weakly developed in some outcrops (Fig. 11D ) and are comprised of 17-21 decimeterscale cycles (Fig. 11D) . Plant fossils are common within the Pride Shale as generally small fragmented remains, but include Stigmaria stellate. Invertebrates in the rhythmic beds include small, thin-valved bivalves (Sanguinolites, Modiolus sp.?) that are confined to a few horizons, and rare carbonized impressions of shrimp-like arthropods (Miller and Eriksson, 1997) . Except for a few horizons, the Pride Shale lacks bioturbation. The Pride Shale is gradational into the overlying Glady Fork Sandstone Member (Figs. 8, 9A ) that, at the I-77 outcrops, consists of a 10 to 20 m-thick succession of flaserand wavy-bedded, fine-grained sandstone and mudstone. Along Rt. 460, south of Princeton, WV, the Glady Fork Sandstone Member is expressed as a multi-story/multichannel sandstone that is incised into the Pride Shale and along its basal contact contains large-scale, ball-and-pillow and flame structures.
Interpretation
The overall upward coarsening of the Pride Shale and gradationally overlying Glady Fork Sandstone Member (Figs.  8 and 9A) , coupled with the upward increase wave thickness of the corrugations (Fig. 6) , is interpreted to be a result of progradation of a tide-dominated delta (Miller and Eriksson, 1997) . The Glady Fork Sandstone Member is dominated by tidal bedding and is interpreted as a distributary mouth-bar deposit. The multi-story/multi-channel expression of the Glady Fork Sandstone Member is interpreted as a distributary channel deposit. Holocene examples of tide-dominated deltas include the Fly River, Yangtze and Amazon where ebb tidal currents supply sediment to delta front/prodelta settings (Jaeger and Nittrouer, 1995; Dalrymple at al., 2003; Hori et al., 2002; Harris et al., 2004) .
The hierarchy of cycles preserved in the Pride Shale is interpreted to record a spectrum of tidal and climatic periodicities (Fig. 10 ) that can be used as high-resolution (Figures 8 and 9b ): a) Photomicrograph of stacked, submillimeter, sandstonesiltstone/mudstone couplets from the Spanishburg outcrop with one example of a thinner couplet overlying a thicker couplet. Thicker couplets are interpreted as the deposits of semi-diurnal, dominant, ebb currents that supplied sediment to the prograding delta whereas the thinner couplets are interpreted as the deposits of semi-diurnal, subordinate ebb currents. The dark clotted textures within both the coarse-and fine-grained components of the couplets may represent clay floccules. b) Photomicrograph of millimeter-thick cycles from the Spanishburg outcrop consisting of submillimeter, sandstone-mudstone couplets. Note that the couplets thicken and thin upwards in cycles that consist of 15 or fewer distinct sandstone-mudstone couplets. Cycles are interpreted as neap-spring cycles. Each couplet represents a semi-diurnal deposit of the dominant ebb tide of each day. Between 11 and 18 neap-spring-neap cycles display a systematic thickening and thinning upwards within annual cycles. c) Decimeter-scale annual cycles at Camp Creek, WV. Each furrow-rib-furrow contains up to 18 neap-spring cycles. Annual cycles reflect climatic changes in which thicker, coarser laminae record seasonal monsoonal conditions when fluvial input was enhanced because of increased terrestrial runoff and thinner, finer-grained laminae record intermonsoonal conditions when sediment flux was less (scale is 20 cm long). d) Decimeter-scale multiyear cycles from Spanishburg, WV interpreted by Miller & Eriksson (1997) to represent 18.6 year nodal cycles (scale is 100 cm long).
chronometers from which sedimentation rates can be deduced (Miller and Eriksson, 1997) . Individual graded sandstone-siltstone laminae are interpreted as the deposits of suspension fall-out or hyperpycnal flows from tidally modulated river plumes generated by the dominant ebb tide. The rarely preserved thick-thin pairs of laminae are considered to represent the deposits of both the dominant and subordinate semi-diurnal ebb tides (cf. Kvale et al., 1989) . Shale partings separating graded laminae are interpreted as slack-water deposits formed from flocculated muds as suggested by the clotted textures of the mudstone particles (Fig. 11A) . Systematic alternations of relatively thick and thin sand-silt laminae are observed in modern tidal deposits and uniquely record the diurnal inequality of the tides from successive semi-diurnal tidal currents (e.g. de Boer et al., 1989; Dalrymple et al., 1991; Kvale and Archer, 1991) . Similar rhythmic sand-mud alternations are present in the delta front/prodelta settings of the Fly River, Yangtze and Amazon deltas on millimeter to centimeter meter scales (Jaeger and Nittrouer, 1995; Dalrymple at al., 2003; Hori et al., 2002; Harris et al., 2004) . Similarly, rhythmites of the Neoproterozoic Reynella Siltstone and parts of the Elatina Formation in South Australia similarly display laminae that are arranged in thick-thin pairs (Williams, 1989 (Williams, , 1991 . Thickening and thinning, millimeter-to centimeter-scale cycles in the Pride Shale are considered to represent fortnightly neap-spring tidal deposits related to the semi-monthly inequality of the neap and spring tides (Kvale, 2006) . These cycles are comparable to neap-spring cycles that occur in modern tidal deposits (Dalrymple et al., 1991; Tessier, 1993; Greb et al., 2011) . A comparable neap-spring signal is discernable in the tidal laminites of the Amazon delta (Jaeger and Nittrouer, 1995) . Similar thickening and thinning cycles in the Neoproterozoic Elatina Formation are up to 2 cm thick and contain 8-16 laminae. The abbreviated character of the neap-spring cycles in the Pride Shale is inferred to be a reflection of the distal, prodeltaic setting in which deposition took place and into which not only the subordinate daily but also the weakest neap ebb flows were of insufficient strength to transport sand or silt. Alternating thicker and thinner neap-spring cycles are interpreted to be of perigean and apogean origin (Miller and Eriksson, 1997) . Perigean tides form during a more proximal distance between the Earth and Moon at spring tide whereas apogean tides are associated with a greater distance between the Earth and Moon at spring tide (cf. Kvale et al., 1999; Greb et al., 2011) . Decimeter-scale cycles in the Pride Shale are interpreted to record an annual climatic (monsoonal) signal in which thicker neap-spring cycles record the monsoon when voluminous sediment was supplied to the river mouth and the thinner cycles record the inter-monsoon when less sediment was supplied to the delta ( Fig. 12B ; Miller and Eriksson, 1997) . Monsoons arise when the land is hot relative to the cool ocean; low pressure results in precipitation on the land causing higher fluvial discharge (Ruddiman, 2001) . Maximum entropy spectral analysis on the decimeter-scale cycles reveals a strong peak at 16.7 neap-spring cycles ( Fig. 12B ; Miller and Eriksson, 1997) . Annual cycles in the Pride Shale range in thickness from <3 cm at the base to as much as 50 cm at the top and average approximately 10 cm in thickness (Fig. 13 ). These data indicate that sediment accumulated at a (compacted) rate of 3-50 cm per year (Miller and Eriksson, 1997) . Such rates are consistent with paleontological data (rare fossils and rare bioturbation) which suggests a turbid and perhaps sometimes brackish, nearshore environment of deposition. The weakly developed meter-scale cycles are interpreted by Miller and Eriksson (1997) to reflect the nodal (~18.6 year) tidal periodicity which results from the slow rotation of the lunar orbital plane with respect to the ecliptic (solar plane). The preserved record of tidal hierarchies in the Pride Shale is inconsistent with a symmetrical ebb and flood tidal prism but, rather, implies that long-term sediment dispersal to the delta was dominated by ebb transport. Preservation of the near-continuous, 60 m-thick record of tidal sedimentation represented by the Pride Shale is attributed to the tectonic setting of the basin. The Pride Shale is an anomalous interval of marine deposits within the predominantly alluvial Mauch Chunk Group and likely reflects an increase in accommodation related to thrust loading in the foreland basin.
DIsContInUItIes
Description
Multiple outcrop-scale discontinuities in roadcuts along I-77 in Mercer County, West Virginia consist of smooth to irregular, concave-upward troughs which extend for hundreds of meters, and commonly separate underlying fine-grained rhythmites from overlying sand-dominated rhythmites (Figs. 8 and 9A ). In general, the discontinuity surfaces dip southwest and are characterized locally by several meters of relief (Fig. 14A) . Where subhorizontal, the discontinuities appear conformable with underlying beds.
Dipping portions (up to 20 degrees) clearly truncate older strata and are overlain by a zone of meter-scale, rotated/ deformed blocks (Fig. 14B) . The rhythmic sedimentary infills within the troughs lack a conglomeratic lag yet drape the deformed blocks. Sand-dominated neap-spring cycles thin from up to 50 cm at the discontinuity surface (Fig. 13) to less than 1 cm over a distance of several-to-tens of meters. The sandy intervals are commonly restricted to one side of the trough.
Interpretation
A channel-scour origin has been proposed for the discontinuities but does not adequately explain their irregular geometry and sedimentary fill. Similar discontinuity-bounded sedimentary packages in slope carbonates of the Sverdrup Basin were interpreted by Davies (1977) as the infills of large slump-scars. Such a slump-scar interpretation explains the features associated with the trough-like discontinuities in the Pride Shale, and provides an autogenic explanation for the variability in accumulation rate recorded by these rhythmites. This interpretation invokes gravity sliding of thick (to 15 meters) packages of semi-coherent sediment into deeper portions of the basin. Blocks derived from the scar-margins or from the trailing edge of the slump block were left within the scar interior. Subsequent rapid rhythmite infill via tidal currents draped the blocks and filled the scar. The sandy rhythmites reflect proximity to source and are clearly progradational into the axial mudstones (Miller and Eriksson, 1997) . Sands cannibalized from the underlying sediments were confined to sites of high current velocities along the topographically high scar margins. Tidal currents were apparently of insufficient duration or strength to move margin-derived sands more than a few tens of meters. The irregular and asymmetrical distribution of sands along scar margins likely reflects local erosion/ deposition via currents oblique to the slump direction (Miller and Eriksson, 1997) . Thus, the discontinuities are interpreted as slump scars related to rapid sedimentation and oversteepening of deltaic clinoforms (Miller and Eriksson, 1997) .
GeoCHeMIstRY: totAL oRGAnIC CARBon
Description TOC data are from the base of the Pride Shale (Fig. 7) and from a ~1.1 m-thick, continuous interval of alternating sandstone-rich and mudstone-rich strata (Fig. 8) . The data reveal that sandstone-rich facies have an average TOC content of 1% and mudstone-rich facies have an average TOC content of 1.3% (Fig. 15) . TOC% values for sandstone-rich and mudstone-rich facies fluctuate, respectively, between 0.8 to 1.3 % and 1.0 to 1.7% (Fig. 15) . One of three samples from the base of the Pride Shale has TOC content of 2.3%. TOC% in both sandstone-rich and mudstone-rich facies displays a systematic decrease upwards within the sampled interval (Fig. 15) . All samples analyzed are from weathered outcrops and thus are probably lower values than would be exhibited by fresh samples. Variations between sandstonerich and mudstone-rich facies are considered to be real because, on the scale of the sampled interval, all samples will have been skewed equally by weathering.
Interpretation
Highest TOC contents in the basal condensed section are consistent with lowest sedimentation rates associated with maximum flooding. The sandstone-rich and mudstonerich facies are interpreted to represent monsoonal and intermonsoonal facies, respectively, and to record ten years of prodeltaic sedimentation. Within annual cycles, higher TOC values are associated with deposits of the intermonsoon at which times sedimentation rates are inferred to have been lowest resulting in higher concentration of organic carbon. In contrast, lowest values are associated with deposits of the monsoon at which times sedimentation rates are considered to have been highest resulting in dilution of organic carbon. The systematic decrease upwards within the sampled interval TOC% in both sandstone-rich and mudstone-rich facies (Fig. 15 ) is attributed to dilution of organic relative to inorganic sediments, the result of progradation of the delta.
TOC variations within the Pride Shale are consistent with the findings of Ibach (1982) who observed that highest TOC weight percentages in black mudstones are associated with slow sedimentation rates and lower TOC weight percentages are associated high sedimentation rates. Ibach (1982) attributed lower TOC contents to clastic dilution. Similarly, Ricken (1996) attributed lower concentrations of organic carbon within rhythmically bedded deposits to high sediment yields and elevated concentrations of organic carbon to low sediment yields.
GeoCHeMIstRY: MAJoR AnD tRACe eLeMents
Description
A 22 cm-long outcrop slab from the second road cut along I-77 at Camp Creek, WV (Fig. 8) , and a 16 cm-long sample from a loose boulder at Spanishburg (Fig. 9B) were collected by Larkins (2009) to evaluate whether major and trace element geochemistry can be used as proxies for cyclicity in the Pride Shale. The outcrop was coated in layers of sodium silicate, rubber latex mold and foam sealant prior to using a concrete saw. Both samples were analyzed using an Avaatech XRF-scanner with a 0.5 mm step size and both a 10 kV/1000 μA scan for 60 seconds and a 30 kV/1000 μA scan with a Pd-thin filter for 120 seconds. The three paleoenvironmental proxies selected were titanium, silicon/ titanium, and sulfur, which were used as potential proxies for detrital, biogenic and authigenic processes, respectively. The XRF-scanning technique produced a continuous record expressed as counts rather than specific quantities. Interpretation Larkins (2009) proposed that the Pride Shale in the two samples collected preserves two dominant periods, an ~ 27 mm period expressed in total Ti contents and Si/Ti ratios, and interpreted to represent an annual cyclicity, and an ~2.27 mm period expressed in the S record and interpreted to represent a monthly cyclicity. High total Ti counts were interpreted to represent periods of enhanced precipitation when terrigenous sediment flux was elevated during the monsoon. Conversely, high Si/Ti ratios were interpreted to represent enhanced biogenic silica productivity during the intermonsoon. Higher sulfide contents within the sediments were attributed to an increase in marine organic matter in the surface sediments, and enhanced sulfate reduction during monthly spring tides. • Figure 16 for locations of field trip stops 1 through 7.
FIeLD tRIP stoPs
• metamorphic rock, intrabasinal mudstone, limestone, and caliche. The clasts imply uplift of an eastern source terrane containing crystalline rocks and older sedimentary components including the Greenbrier and Hinton formations. Clasts of coal are also present in the Princeton sandstone (Miller and Eriksson, 2000) . At Stop 1B, Princeton Formation consists of multi-story/multi-channel elements. Individual channel elements are up to 2.0 m thick and up to15 m wide (Fig. 17) . A braided alluvial setting is inferred for the lower Princeton Formation (Miller and Eriksson, 2000) .
• Return to vehicles and take I-77 
Upper Princeton Formation
Exposed at this locality are several facies that record a shift from braided-alluvial, lowstand systems tract deposits to transgressive systems tract, tidal-estuarine to maximum flood, black mudstones at the base of the Pride Shale. Hidden below the road are the conglomeratic quartz sandstones seen at Stop 1 which typify the lower Princeton Formation. Upper Princeton Formation facies seen here include a laterally variable package of tabular sandstones, heterolithic channelfills, and dark mudstones with siderite concretions (Fig. 5) . Plant fossils and/or root traces are common in all three facies.
The tabular sandstone body at road level contains plane beds, small-scale cross beds, ripples, and mm-to cm-thick, crude bundles of sandstone-mudstone couplets. This facies is interpreted as a tidal sand flat deposit on the basis of inferred tidal bundles and associated ripples. In the absence of mudstone, evidence for subaerial exposure is lacking. Thus, this facies probably developed on a lower tidal flat. Minor (1-2 m thick) channel-fills are present on either side of the tabular sand body within the dark mudstones. The channel deposits are over steepened or folded as a result of syn-sedimentary slumping. Channelfill sediments include cyclic rhythmites consisting of sandmud couplets between 1mm and 1 cm thick (Fig. 18) . A spectrum of tidal periodicities including is recognized on the basis of couplet bundling patterns including semi-diurnal, alternating thick and thin sandstone -mudstone couplets interpreted as dominant/subordinate diurnal pairs, and semimonthly (neap-spring) cycles consisting of thickening and thinning couplets (Fig. 18) . It is unclear whether individual sand-mud couplets were deposited by flood or ebb (or both) tidal currents. Most neap-spring cycles are comprised of fewer than 15 couplets, and record deposition via only the strongest tidal currents. A few thick neap-spring cycles consist of up to 28 individual couplets. Interpreted as tidal creek successions, these channel-fill facies provide strong evidence for a mixed, predominantly semi-diurnal tidal system. The dark mudstones with locally abundant siderite nodules, plant fossils and rhizoliths are interpreted as tidal marsh facies (Miller and Eriksson, 2000) .
The marsh/tidal creek facies are truncated by a thin (less than 1 m) conglomeratic bed which contains rounded quartz pebbles and invertebrate fossils including gastropods, brachiopods. This horizon can be traced across much of the study area, where it is generally less conglomeratic and more fossiliferous and is interpreted as a ravinement bed produced via tidal scouring as the Princeton estuary was transgressed. The ravinement bed is overlain by a few meters of dark, fissile mudstone of the basal Pride Shale Member (Bluestone Formation). Where the gravel is absent, as on the northern edge of the cut on the western side of the road, grey mudstones of the Princeton Formation are overlain by black mudstones representing the marine condensed section at the base of the Pride Shale (adapted from Miller and Eriksson, 2000) . This basal Pride Shale facies is interpreted as a condensed section deposit associated with maximum flooding, and represents the source for the hot gamma-ray spike seen in subsurface well logs (Fig. 3) throughout the study area. Regionally, the Pride Shale extends beyond the margins of the Princeton incised valley fill and overlies interfluve red beds of the upper Hinton Formation.
• Along the freeway entrance on-ramp, dark, sideriterich mudstones of the Princeton Formation are exposed. Thin tidal rhythmite deposits and relatively intact plant fossils in this interval are suggestive of a tidal-estuarine marsh environment. A few centimeters of fossiliferous (w/gastropods, brachiopods) sandstone (equivalent to the ravinement bed at Stop 2) separate the Princeton Formation from the basal black mudstone (condensed section) of the Pride Shale Member. Large (up to 0.5 m) carbonate concretions at the base of the Pride Shale contain abundant microfossils and invertebrates (Weems and Windolph, 1986) . A large (0.5 m) fish fossil was recovered (Weems and Windolph, 1986) (Miller and Eriksson, 2000) . Scale is 2.4 cm in diameter.
Modiolus sp.?) and rare carbonized impressions of shrimplike arthropods (Miller and Eriksson, 1997 At this stop, the Pride Shale displays prominent annual cycles that are expressed as corrugations on the order of 5 to 15 cm thick (Fig. 11C) . Using a combination of observations on outcrop and thin section photographs, a hierarchy of bundling patterns can be reconstructed. Within the positive-weathering elements of the corrugations, ~5mm to 1 cm-thick sandy layers thicken and thin upwards within the inferred annual cycles. Within individual sandy layers, sandstone-siltstone/mudstone couplets thicken and thin upwards in what are inferred to represent neap-spring cycles (refer to Fig. 11B ). Individual couplets within the neapspring cycles are interpreted as semi-diurnal deposits that rarely occur as thick-thin semi-diurnal pairs (refer to Fig.  11A ). The exposure is dissected by major discontinuities in the form of broad, concave-up surfaces. The Pride Shale coarsens upward into the Glady Fork Sandstone Member that will not be visited at this stop.
• Pull off at the parking place alongside I-77 North At this stop, the Pride Shale displays prominent annual cycles expressed as corrugations similar to those at Stop 4 but on the order of 5 to 50 cm thick. Towards the northern end of the road cut, ~50cm thick annual cycles consisting of up to 16 neap-spring cycles, are preserved above the level of the first bench ( Fig. 9A and 13 ). Discontinuities are apparent on outcrop as broad concave-up surfaces with several meters of relief (Fig. 14A) .The first bench above road level contains meter-scale, rotated/deformed blocks (Fig. 14B) . The Pride Shale coarsens upward into the Glady Fork Sandstone Member. The Glady Fork is exposed as a 20 m-thick succession of flaser-and wavy-bedded, fine-grained sandstones which are interpreted as distributary mouth-bar deposits. Interbedded terrestrial mudstones and sandstones in the overlying Gray and Red members reflect a basinward shift in coastal plain sedimentation. The Red Member contains paleosol horizons with carbonate nodules and likely reflects a semi-arid climate (Miller and Eriksson, 2000) .
• Continue North on I-77 The Pride Shale at this locality is expressed as corrugations on the order of 1 to 5 cm thick interpreted as annual cycles. In addition, and different to Stops 4 and 5), a larger-scale corrugation (25 to 100 cm thick) is developed that is considered to reflect the 18.6 year nodal tidal periodicity (Fig. 11D) . Internally, the annual cycles are comprised of 11-18, 1-2 mm-thick, neap-spring cycles (Fig. 11B ). Compared to Camp Creek outcrops, overall grain size is finer with less sand and more mud-dominated intervals. This change in grain size reflects the more basinward location of Spanishburg compared to Camp Creek outcrops. The prominent annual cycles preserved at Spanishburg in comparison to Camp Creek most likely are due to less frequent disturbances from bottom currents and/ or bioturbation at this more distal location (Larkins, 2009 ).
• The Glady Fork Sandstone at this location is expressed as a multi-story/multi-channel sandstone body incised into the Pride Shale. Individual channel elements are 1.7 to 3.0 m thick and up to 15 m wide. Along its basal contact, the Glady Fork Sandstone contains large-scale ball-and-pillow and flame structures indicating that the Pride Shale was unconsolidated at the time of Glady Fork deposition. The Glady Fork Sandstone at this locality is interpreted as a distributary channel deposit of the Pride delta.
• Continue on Rt. 
